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MECHANISM QF THE INKIBITED FAILURE OF PLASTIC
TITANIUM ALLOYS

V.N. Meshcheryakov and M.Kh. Shorshorov

Recently the mechanism of the inhibited failure and formation /37¥
of cold cracks of plastic titanium alloys has been examined with
respect to medern dislocatlon modedls by Ziner-3troh, Gilman and
Rozhanskiy, Hall and others. The dislocation mechanism for the
formation of submicrocracks also gives basis for the existing
concept of the effect of hydrogen on the brittleness of metals,
since 1t was not clear how hydrogen could be precipitated from a
solid solution without the presence of prepared nuclel of a
definite value.

Research into the fallure rate of titanium alloys when
testing their resistance to inhibited failure was conducted
according to a method suggested by I.A. Qding and Yu.P. Liberov
[1],which consists of formulating the dependence of the cross-
section area of the specimen on the elongation during deformation
by staftic expansion. The basis of this method was determining the
value of plastic deformation, during which contraction of the
cross sectionnof the specimen begins to fall behind the elongation.
This value of deformation, as was determined by electron microscopic
and other research, causes the formation of submicrocracks in
metal. An estimation of the failure rate was carried out during
static deformation by expansicn, and also when testing for resis-
tance to inhibited failure, that is, during prolonged aging under
a constant lecad. In both cases, one and the same speclmen was
used -~ a specimen for testing titanium alloys for resistance to
inhibited fallure by the IMYeT-4 method [2]. '

The principles of fallure rate during static expansion and
1nhiblted failure are qualitathely similar tc those observed

¥Numbers In the margin indicate,pagination'in the foreign text.



for pure metals [1, 3]. . The only difference is the deformation
values, at which the first discontinuity of the curve occurs.
Flgure 1, as an example, shows the results of tests on the change
of cross-sectionnarea of metal spediméns near the seam area of
Ti-Al-V alloys, depending on the total elongation during static
expansion and Inhiblted fallure.
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Fig. 1. The dependence of the cross- which the first submicro-

section area on the total elongation
when testing Ti-A1-V alloy specimens
for static expansion (a) and inhibited total deformation when
failure {(b).

cracks are formed. The

testing specimens from
the basic metal 1s:

for the VT6S alloy, 0.5-0.52 mm; for a titanium alloy with 4.55%
Al and 2.7% V, 0.4 mm; and for an alloy with 1.3% V, 0.4-0.42 mm.
These values for a metal in the seam area are, for the VT63 alloy,
0.5 mm, for an alloy with 2.7% V, 0.42-0.45 mm, and for an alloy
with 1.3% V, 0.4-0.42 mm. The tétal deformation for the VTES
alloy, for the basic metal, and for the metal in the seam area,

is higher than for an alloy with a vanadium content of 2.7 and
1.3%, In spite of the fact that the VT6S alloy is considerably
harder than the alloys mentloned above. Apparently, this can be
explained by the sufficiently high level of plasticity of this
alloy during testing for statlc expansion. In this casé, the
plasticity characteristics are the same or somewhat higher than
the plasticity values of alloys with a decreased content of wvanadium.



An approximate calcﬁlation,made.according.to . equation [4]
which links the applied tensile stress, capable of forming a
submlcrocrack. with the grain diameter,showed that the conformity
of theoretical and experimental stress values was only satisfactory
for a metal near the seam, and they varied considerably for the
basic metal. This is caused not only by a more accurate estimation
of grain size for recrystallized metal near the seam area, in
comparison with the basic metal, but with specific deformation
conditions occurring in alloys with a textureddstructure. A com-
parative calculation such as this 1s completely competent, since
the alloys investigated differed little in content and were of
gimilar structure. The calculated length of the crack acconrnding
to equation I = 2Gy/m(l - v)d; [51, as was done in work [3], showed
that the theoretical values coincide well with the experimental
ones. Results of processing the theoretical and experimental

information are set out in a, tablé..

THEORETICAL AND EXPERIMENTAL VALUES FOR THE LENGTH OF SUBMICROCRACKS
AND STRESSES CAUSING THE APPEARANCE OF THESE SUBMICROCRACKS IN STATIC
EXPANSION OF Ti-Al-V ALLOYS.

o ke f /mml* omm
- Alloy. State d- 102, §g / - :
Comp051t10n % Theo§£xP§§Theor._ Exp. -
. i !
{ VTS Basic metal «| .76 ] 40 | 20 ! o0.0015 0.0015-0,003
o 'Area near se 20,5 | 17, | 0,0024 [0.0026—0,0038 |
Ti--4.55 Al —2.7v|Basic metalmJ 1,76 | 40 | 21 | 0,00035 [0.0012—0.0035 |
| : Area near se Joj257 2 - —
, |
; ﬁ—imAhqﬁxkﬂﬁmaﬂﬂli 46 | 20 | 0,00064 |0,0005—0,00132
: Areanear seams5 5 | 23 | 33 — -
i

J

Note: vy = 0.1 Gb, where G = 4500 kgf/mma, b = 2.95-10'§ emy; v = 0.36.



The total deformation of specimens tested for inhibited
failure has values less than when testing for static expansion.
In this case, the total elongation, like the relative reduction
of specimens before failure, both in the basic metal and in metal
near the seam of the VT6S alloy, is lower than for an alloy with
a-reduced vanadium content. An increase in the vanadium content
or a reduction of the alloy's plasticity should cause an even
greater reduction of the total deformation at which submilcro-

cracks form.

As was stated in work [6], the specific energy of ultimate
deformation Apo of a brittle material is considerably less than
the corresponding value of Aﬁo for a more plastic material. /99
This ratio also takes place between absorbed energy necessary for
the formation of submicrocracks and microcracks (Agg,p and Apmic)'
Therefore, the failure of low-plastic alloys., neormally takes place
during a shorter time and at lower stresses. In these conditions,
the main value 1s assumed by factors which cause the 1ight spread
of a crack: the reduction of surface energy of the crack formed,
due to the presence of adsorbed gas or a directed influx of vacancies,
and also the development and level of plastic defeormation in front
of the developing crack. Here, one must take intc account that
the further development of a crack is only observdd when the
length of the crack reaches a definite value. When testing
specimens for Iinhibited failure, the 1lncrease of applied stress
does not significantly affect the value of total deformation,
nor the formation time of submicrocracks, whereas the length of
spread of a c¢rack is sharply reduced with the increase of applied
stress. Here, it 1s assumed that the plastic deformation near
the end of a crack 1ls Insignificant, if the development of a
erack occurs sufficiently quickly.

Microstructure analysis, carried out with a light microscope,
showed that fallure is always preceded by plastic deformation.



Normally, microcracks are found perpendicular to the applied

stress. An electron microscope detected submicrocracks with a
width of 300-900 } and a length of 0.0006-0.006 mm on the non-
corroded surface of deformed specimens (Fig. 2). As the amount

of deformation increases, the number and size of cracks formed

also increases. Mailnly, all these cracks form in slip bands

according to dislocation models examined earlier [2] by Gilman

[7, 8] and V. N. Rozhanskiy [9, 10].
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Fig. 2. Microscopic cracks in alloys with

medium and low yield limits. a - VT6S,
7700x; b - a Ti-Al-Zr alloy, 4200x.
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By using a
special method for
preparing specimens
(polished and non-
corroded specimens:
were welded in a
vacuum or in a chamber
with a controlled
atmosphere), submicro-
scoplc cracks were
detected on the area
near the seam of
welded joints of
plastic titanium
alloys, the width
and length of which
corresponded to
cracks formed in
the deformation
process of specimens
durlng static expan-
sion or during

testing for inhibited /100

failure. Light



Fig. 3. The microstructure of the noncorroded surface
of specimens after welding (area near the seam). a - Ti-
Al-Zr.alloy, 400x; b - VT6S, 7700x; ¢ - Ti-Al-Zr alloy,

4800x; 4 - OT4-1, 4800x.
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microscope research showed thdat in the area near the seam of
different titanium alloys, apart from a clearly defined poly-
morphic transformation, there was a deformation in the form of
individual slip bands which transfer from one grain to the next
one, or without compleftely changing the angle of inclination,

or changing it to a small angle to previously active slip bands,
create the possibility for a light slip when applyling active
loading or dislocation movement from residual welding stresses
(Fig. 3, a).

The formation of cracks independent of the mechanism of
their formation i1s linked with the moment when coarse slip bands
oceur, that 1s, the cracks form when the metal reaches a critical
dislocation density in local volume [11]. The greatest dislocation
density is formed in slip bands where the shift is slowed down by
some obstacle (grain boundaries, twins, etc.). The majority of
cracks detected in the area near the seam of welded jolnts are
in slip bands near obstacles in the form of grain boundaries of
a'-phase fragments {(Fig. 3, b2d). Cracks which form after weldlng
have a width of 160-900 & ahd a length of 0.0003-0.006 mm.

Conclusions

1. When analyzing the formation mechanism of cracks in
plastiec titanium alloys, one must begin by using modern dis-
location.models. The most practical are those models showing the
formation of cracks in metals with a hexagonal close packed
lattice, the Gilman-Rozhanskiy models.

2. Principles of fallure rate of titanium alloys during
static expansion and inhibited fallure are qualitatively similar
to those for pure metals. Both in static expansicn and when
testing for inhibited failure, the first submicrocracks appear
long beforé the final fallure of specimens. The total deformation,



at which stable submlicrocracks appear when ftesting specimens
for inhibited faillure, in value, is considerably less than when
testing these same specimens for static expanslon.
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